Despite extensive research efforts, a preventive human immunodeficiency virus (HIV) vaccine remains one of the major challenges in the field of AIDS research. Experimental strategies which have been proven successful for other viral vaccines are not enough to tackle HIV-1 and new approaches to design effective preventive AIDS vaccines are of utmost importance. Due to enormous diversity among global circulating HIV strains, an effective HIV vaccine must elicit broadly protective antibodies based responses; therefore discovering new broadly neutralizing antibodies (bNAbs) against HIV has become major focus in HIV vaccine research. However further understanding of the viral targets of such antibodies and mechanisms of action of bNAbs is required for advancement of HIV vaccine research. This technical note discusses our current knowledge on the bNAbs and immunoprophylaxis using viral vectors with their relevance in designing of new candidates to HIV-1 vaccines.
Introduction
Despite years of research efforts, yet there is no vaccine that can establish protective immunity against HIV. The immune system generates robust adaptive immune responses (cellular and humoral) against the HIV virus, which are considered critical in either preventing or controlling the infection, and are therefore of great interest to AIDS vaccine researchers. Although several vaccine approaches tested till date have been able to enhance the magnitude of the immune responses to HIV infection, however most of these responses are by and large unsuccessful to be both effectively antiviral and targeted to prevent the emergence of fully functional escape variants. Nonetheless, both B and T cells still considered to play a critical role in controlling HIV infection and therefore an integral part towards development of an AIDS vaccine.
The Merck/HIV Vaccine Trials Network (V520-MRKrAd5), called STEP, started in late 2004 and was terminated in September 2007. The aim of the STEP trial was to generate a potent HIV-specific T-cell based response; even though majority of vaccinated subjects in this trial developed both CD4+ and CD8+ T-cell responses, generated immune responses were not only ineffective but also vaccination appeared associated with an increased susceptibility to HIV infection in some recipients [1, 2] . One of the major issues involved in MRKrAd5 vaccine was due to high prevalence of preexisting neutralizing antibodies (NAbs), against adenovirus serotype 5 (Ad5), which was associated with an obstruction to the development of effective T cell response against Gag, Pol, and Nef of HIV antigen [1, 2] . Failure of this much-publicised HIV-1 STEP trial has not only created phenomenal discussions among scientific community but also questions were raised of whether or not to pursue the development of T-cell-based HIV-1 vaccines. However several recent studies have shown that vaccine-induced T cell responses can control replication of both the acute phase and chronic phase of SIV replication using both homologous and heterologous challenges [3, 4] . Recently Picker et al. (2011) have shown, for the first time, that SIV vaccine that includes rhesus cytomegalovirus (RhCMV) vectors, generates indefinitely persistent, high-frequency, SIV-specific effector memory T-cell responses at potential sites of SIV replication in rhesus macaques and effectively control high-ly pathogenic SIV (MAC239) infection early after mucosal challenge [5] . This report clearly demonstrates that it is possible to make a T cell-based vaccine, however a combination of both vaccine-induced antibodies and T cells would be optimal.
HIV envelope (Env) is known to be primary target for HIV-1 specific antibodies, however a major challenge for vaccine design is the extensive diversity found in Env glycoprotein. To cover the immense variability of HIV-1, vaccine eliciting neutralizing antibodies would need to be broadly reactive. Therefore targeting conserved sites on Env, for instance, functionally conserved CD4 binding site (CD4bs) on the Env, gp120, suggested being one potential means to elicit more broadly neutralizing antibodies (bNAbs) responses. Additionally the envelope glycoproteins gp120 and gp41 which are the main targets for neutralizing antibodies are partially protected by N-linked glycans and other structurally-imposed constraints, which limit antibody access to potential neutralization epitopes, reside within these regions. Although most antibodies induced during infection are non-neutralizing or strain specific, recent studies indicate that about 25% of HIV-1-infected patients produce bNAbs [6] and these antibodies have varying epitope specificities that could lead for multidirectional vaccine design. Therefore the ability to elicit broadly neutralizing antibody responses against HIV-1 has been crucial for a prophylactic HIV-1 vaccine development. Although there is not yet any successful HIV vaccine to establish protective immunity, Thai Phase III HIV vaccine clinical trial, also known as RV144, which tested the "prime-boost" combination of two vaccines: ALVAC® HIV vaccine (the prime) and AIDS-VAX® B/E vaccine (the boost) has been first to show some modest efficacy against acquisition of infection [7] . Importantly, in this trial protection was associated with bNAbs directed against the V2 domain in the HIV envelope protein. Therefore to induce higher level of protection against HIV infection, the involvement of bNAbs is considered to be most essential.
So far a number of bNAbs have been successfully isolated that recognize various conserved regions of Env. For example, monoclonal antibodies VRC01-VRC03 and VRC-PG04 targets CD4bs on gp120 with strong bNAbs activity [8] [9] [10] . However with a slightly modified approach adopted by SChied et al. [11] , many new bNAbs were expressed including very potent 3BNC117, 3BNC60 and NIH45-46. More recently Walker et al. discovered bNAbs against novel epitopes, using an approach of non specific high throughput memory B cell culture [12] . Thereafter secreted antibodies were tested against panel of HIV-1 variants. Using this approach, excellent bNAbs-PG9 and PG 16 were generated, which are trimer specific in conserved region of variable V2 and V3 loops of gp120 [13] . Very recently another group of PGT antibodies are discovered that react with epitopes near the base of V3 loop [13] . Table 1 describes epitope specificties of bNAbs to neutralizing HIV envelope. Although several new bNAbs candidates are discovered in recent years, the overall number of existing bNAbs with a relatively broad neutralization profile is still very limited. Moreover, bNAbs generated so far, are of variable potency, with most effective against no more than 40% -50% of viral clades. Therefore further knowledge of the fine specificities of bNAbs such as, their characteristics, mode of instillation, are required in order to design efficacious vaccines. In this report certain important conditions are discussed that would be required to translate bNAbs into optimal immunogen.
Identification of New Epitope Specificities
In order to find even more potentially conserved regions within the virus envelope, extensive epitope mapping of broadly neutralizing activity in sera of patients with bNAbs would reveal different antibody specificities. Interestingly bNAbs activity in "elite neutralizers" are restricted to one or two epitope specificities with conserved regions of the V1, V2 and V3 loops or at CD4bs, therefore identifying individuals with new epitope specificities would narrow the number of individuals to isolate for new bNAbs. Furthermore, determination of specificities and molecular origin of bNAbs in diverse population around the globe would provide valuable clues for vaccine design. Moreover since most bNAbs, with the exception of the Walker et al. [12] , are exclusively isolated from clade B virus-infected donors, and therefore new bNAbs from diverse clads of HIV-1-infected donors need to be isolated. In addition, screening of appropriate Env immunogen using high throughput such as ex vivo lymphoid tissue equivalent culture systems, (MIMIC TM -sanofi) would allow to screen induced antibodies with better quality of humoral response prior to human trials (http://www.vaxdesign.com/mimic-technology).
Improved Cleaved, Trimeric, Functional Env Immunogen
A key question is concerning the optimal form of envelope glycoprotein for inducing HIV-1 specific bNAbs. Since gp120 contains most of the neutralizing epitopes and monomeric gp120 is relatively easy to manufacture; however two early clinical trials using gp120 as subunit vaccine have failed to provide any protection. Although the recent RV144 trial priming with ALVAC vector pro-vided 31% efficacy [7] [16] . In addition, it is important to understand the mechanism of neutralization by gp41-directed neutralizing antibodies for better immunogen design. Additionally, biophysical, antigenic and immunogenicity study of these Env-based immunogens would provide relevant and critical information to forward HIV-1 vaccine development.
Optimized Immunoprophylaxis Using Viral Vectors Encoding Broadly Neutralizing Antibodies against HIV
Although several bNAbs have been extensively characterized, it largely remains unclear how to elicit these antibodies in the broader population. Most of the previous attempts demonstrated that direct administration of bNAbs fails to provide any long-term protection until repeated injections. Moreover although bNAbs can be directly installed into the bloodstream by methods such as infusion, however it would be impractical for HIV in a prophylactic setting [17] . Therefore, viral vectors were explored that could have potential to provide a sustained supply of neutralizing antibodies. However initial efforts were unsuccessful for HIV due to insufficient transduction by viral vectors and low levels of transgene expression [17] . However recently Balazs et al. [18] demonstrated a successful proof-of-concept, with recombinant adeno-associated virus (rAAV) vector encoding one of several different bNAbs; a perfect alternative to immunization. Importantly, passive administration of bNAbs offers several distinct advantages compared to a conventional vaccine approach, for instance it circumvents requirement of discovering and producing appropriate antigen and immediately direct the immune system for production of these antibodies [17] . Although Balazs et al. findings demonstrate preclinical application and therefore usual relevance of mouse model vs. human studies and AAV safety issues remains [19, 20] nonetheless this finding opens up an exciting and novel way to generate anti-HIV immunity outside of the scope of conventional vaccines that could have direct implications for translation to human studies. After failure of STEP trial due to pre-existing human adenovirus (Ad5) immunity, significant progress has been made in the development of novel Ad vectors based on less prevalent human Ad serotypes including rAD26 and rAD35and nonhuman Ad [21] [22] [23] . For instance, in a recent phase I, placebo-controlled trial, the safety and immunogenicity of two recombinant replication defective adenovirus serotype 35 (Ad35) vectors were reported promising, while Ad35 neutralizing titers remained low after the second vaccination [24] . To increase immunogenicity, non-replicating vaccines (for e.g. plasmid DNA) are usually combined in a prime-boost regimen. While simple vaccine modalities are quite efficient in priming, more complex vectors such as poxviruses and adenoviruses have been excellent in boosting [25] [26] [27] . Currently, numerous prime-boost regimens are in both preclinical and clinical development [25] [26] [27] , however by and large the RV144 trial in Thailand has been the most successful HIV vaccine trial till date. During the three-year monitoring period, RV144 demonstrated an estimated 31% reduction in HIV infections in the vaccinees compared to the placebo group. The recent work by kim et al. (2012) demonstrated that genetic signatures of RV144 vaccination in V2, complement the finding of an association between high V1/V2-binding antibodies and reduce risk of HIV-1 acquisition, and provide evidence that vaccine-induced V2 responses plausibly had a role in the partial protection conferred by the RV144 regimen [28, 29] . Though, different analyses of the RV144 data are conflicting, this trial clearly demonstrated that this vaccine regimen was safe and modestly effective, representing a significant scientific achievement and important implications towards design of future HIV vaccines and how they need to be tested; nonetheless, additional research is needed to better understand how this vaccine regimen reduced the risk of HIV infection (http://www.hivresearch.org).
In the recent past, vectored immunoprophylaxis has emerged as one of the most promising technologies to install bNAbs and its knowledge base is consistently expanding. Exploring potential of newer vectored vaccine system (in particular replication-competent) such as nonhuman adenovirus, modified vaccine virus (MVA) and AAV would not only provide an effective strategy for circumvention of adenoviral vector immunity, but also would allow high throughput library screening and rapid assessment of the candidate vaccines for animal studies.
